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Abstract 
The effect of the length of record on the standardized precipitation index (SPI) calculation was in-
vestigated by examining correlation coefficients, the index of agreement, and the consistency of 
dry/wet event categories between SPI values derived from different precipitation record lengths. The 
effect was also illustrated by comparing SPI values derived from different lengths of record in some 
severe drought and flood years, and by comparing drought intensities based on SPI values tempo-
rally and spatially. Furthermore, the reason for the SPI value discrepancy was explored by investi-
gating the changes of the shape and scale parameters of the gamma distribution when different 
lengths of record were involved. The gamma distribution is a frequency distribution of climatologi-
cal precipitation time series and is the basis of the SPI calculation used in this analysis. The results 
show that SPI values computed from different lengths of record are highly correlated and consistent 
when the gamma distributions of precipitation over the different time periods are similar. However, 
the SPI values are significantly discrepant when the distributions are different. It is recommended 
that the SPI user should be aware of the numerical difference of the SPI values if different lengths of 
record are used in interpreting and making decisions based on SPI values. 
 
Keywords: Nebraska, standardized precipitation index (SPI), length of precipitation record, time 
scale, gamma distribution 
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1. Introduction 
 
In order to give a better representation of abnormal wetness and dryness than the Palmer 
indices, McKee et al. (1993) developed the standardized precipitation index (SPI), which 
only requires data for precipitation, based on the premise that precipitation deficits over 
varying periods or time scales influence groundwater, reservoir storage, soil moisture, 
snowpack, and streamflow. Comparing historical time series of the Palmer drought index 
(PDI; Palmer, 1965) with time series of the corresponding SPI through spectral analysis, 
Guttman (1998) concluded that the spectral characteristics of the PDI change from place to 
place across the USA and the PDI has a complex structure with an exceptionally long 
memory, whereas the SPI is spatially consistent and has a simple structure. An important 
characteristic of the SPI is that it can monitor dry and wet periods over a wide spectrum of 
time scales (Edwards and McKee, 1997), allowing users to choose the time scale most ap-
propriate for their particular application to compute the SPI. Guttman (1999) strongly sug-
gested that users interested in the Palmer indices consider using the SPI as either a main 
drought index or as an equal partner to the Palmer indices. 
This study investigates the effect of a station’s length of record for precipitation on the 
SPI calculation. Several techniques were investigated, including the examination of corre-
lation coefficients, the index of agreement, and the consistency of dry/wet event categories 
between SPI values derived from different precipitation record lengths at the same station. 
SPI values derived from different lengths of record were also compared for particular se-
vere drought and flood years. This study will hopefully provide some guidelines to re-
searchers trying to use the SPI for drought analyses when they have data from stations 
with a variety of lengths of record. 
 
2. SPI Background 
 
Hayes et al. (1999) demonstrated how the SPI at varying time scales could have been used 
operationally to monitor the 1996 drought from its development to its conclusion in the 
southern Great Plains and the southwestern USA. They concluded that “using the SPI as a 
drought monitoring tool will improve the timely identification of emerging drought con-
ditions that can trigger appropriate state and federal actions.” Researchers also compared 
the monitoring capabilities between the Palmer drought severity index (PDSI) and 3 and 
12 month SPIs for the drought of 1983 that occurred in southeastern Hungary. It was 
demonstrated that the SPI, with multiple time scales, is a better tool for detecting the start 
and end of a drought event (Szalai and Szinell, 2000). Lloyd-Hughes and Saunders (2002) 
compared the SPI calculated at a 0.5° grid across the whole of Europe over time scales of 3 
to 24 months with the PDSI. They concluded that the SPI provides better spatial standard-
ization than the PDSI with respect to extreme drought events, and the SPI is a simple and 
effective tool for drought climatology analysis. In another study, the SPI was successfully 
used as a tool to detect rainfall patterns in northeast Spain (Lana et al., 2001). The SPI, in 
addition, was used for real-time monitoring or retrospective analysis of drought/flood in 
Argentina (Seiler et al., 2002), Canada (Anctil et al., 2002), Korea (Min et al. 2003) and South 
Africa (Rouault and Richard, 2003). After evaluating 14 well-known drought indices by 
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using a weighted set of six evaluation criteria, Keyantash and Dracup (2002) found that the 
SPI is a valuable estimator of drought severity. 
In the USA, the SPI is employed to monitor the current status of drought on regional 
scales ranging from specific states, such as Colorado (CCC, 2004), to the whole country by 
the Western Regional Climate Center (WRCC, 2004), the National Drought Mitigation Cen-
ter (NDMC, 2004) and the National Climatic Data Center (NCDC, 2004). On a global scale, 
the NDMC is aware of about 60 countries using the SPI for drought monitoring and 
drought research. 
Determination of a probability density function is an essential step in the SPI calcula-
tion. Guttman (1999) compared SPI values computed from six different probability func-
tions, including: the two-parameter gamma (GAM); the two-parameter gamma (CSU), for 
which the parameters are estimated by the maximum likelihood method; the three-param-
eter Pearson type III (PE3); the three-parameter generalized extreme value (GEV); the four-
parameter kappa (KAP); and the five-parameter Wakeby (WAK). He concluded that the 
PE3 distribution is the best universal model for the SPI calculation. This study chose the 
two-parameter gamma distribution (CSU) for the further analyses because the CSU model 
is currently used by the NDMC, WRCC, and the National Agricultural Decision Support 
System (NADSS, 2004) and because the SPI computing software package based on the CSU 
model has been distributed to about 60 countries. We recognize that the PE3 model has 
also been widely distributed and used, but standardizing the calculation algorithms is an 
issue that is beyond the scope of this article. 
According to Edwards and McKee (1997), a gamma probability density function to a 
given frequency distribution of precipitation totals for the station of interest is fitted as 
 
 (1) 
 
where α is a shape parameter (α > 0), β is a scale parameter (β > 0), x is the precipitation 
amount (x > 0), and 
 
 
 
where Γ(α) is the gamma function. 
Then the shape parameter α and the scale parameter β are estimated for each time scale 
of interest (either weeks or months) and for each week or month of the year, depending on 
whether the weekly or monthly SPI is calculated:  
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where A = 1n(x–) – [Σ1n(x)]/n, n is number of precipitation observations, and x– is mean 
precipitation over the time scale of interest. 
The cumulative probability of each observed precipitation event for the given time scale 
for the station of interest is then computed using the estimated shape and scale parameters. 
An equiprobability transformation is made from the cumulative probability to the stand-
ard normal random variable Z with mean zero and variance of one, where the SPI takes on 
the value of Z. 
The length of record for precipitation used in the SPI calculation is “ideally a continuous 
period of at least 30 years” (McKee et al., 1993). However, Guttman (1994) investigated the 
effect of sample size on precipitation distribution fitted by L-moments and found that 
about 40–60 years of record is needed for parameter estimation stability in the central part 
of the distribution, and about 70–80 years of record for stability in the tails, which are im-
portant in the use of the SPI. For a stable estimation of the gamma distribution parameters, 
the required length of record is even longer. 
Unfortunately, the 30-year record requirement cannot be met in some developing coun-
tries. Even in the USA, the precipitation record length varies from one station to another 
across the region of interest. In Nebraska, for instance, among the 201 Cooperative 
Observer Program (COOP) stations with precipitation records that span at least 30 years, 
the beginning years of precipitation record vary from 1880 to 1971. Because the SPI is a 
probability-related index, the longer the length of record the more confidence there is in 
the stability of the underlying statistics. Therefore, it is to be expected that researchers 
would choose to keep the length of precipitation data used in the SPI calculation as long 
as possible for the station of interest. 
Because the climate is constantly changing and fluctuating (Landsberg, 1975; Bur-
roughs, 2001), different time periods have different climate conditions. Skaggs (1978) 
found that the climate of western Kansas remained unchanged, but the variance and de-
gree of persistence of climatic states fluctuated substantially. Some other regions have also 
experienced significant changes in precipitation (Houghton et al., 1992). Precipitation fluc-
tuations of 25% or more, for 10–20 years’ duration, were detected in the US climate records 
between 1931 and 1982 (Karl and Riebsame, 1984). The World Meteorological Organization 
(WMO) recommended the 30-year normals in order to reduce the influence of varying ob-
servation practices and natural climatic fluctuations (Lamb and Changnon, 1988). A recent 
study has noted significant departures from long-term stationarity in the US precipitation 
record at the end of the 20th century (Mauget, 2003). 
These climate characteristics raise questions about the sensitivity of SPI values to differ-
ent record lengths and different time periods of record. Are SPI values related to the length 
of record for precipitation involved in the SPI calculation or to the distribution of precipi-
tation over the time period of the record? The objective of this study is to investigate the 
effect of precipitation record length on SPI values calculated from the CSU model. 
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3. Methods 
 
The Nebraska, USA, region is examined in this study. Variability of year-to-year precipi-
tation amount is a major characteristic of Nebraska’s precipitation (Wilhite, 1981). Eight 
climate divisions within the state represent climatically homogeneous regions (Karl and 
Riebsame, 1984), as illustrated in figure 1. Two weather stations in each climate division 
were selected, giving 16 in total. Table I lists the names and record periods of the stations 
selected. As seen in table I, the record length varies from station to station, with beginning 
dates ranging from 1887 to 1948. 
 
 
 
Figure 1. Distribution of 16 COOP stations and climatic divisions in Nebraska. Station 
names are followed by the beginning years of precipitation records. Numbers on the map 
denote climatic divisions. 
 
Table I. Long and short lengths of record used in SPI calculation for the 16 stations 
Station (record period) Time period of SPI values 
Length of record used in SPI calculation 
Long length Short length 
Minden (1884–2003) 1931–2000 1884–2000 1931–1960 
 1971–2000 1884–2000 1971–2000 
Fremont (1887–2003) 1931–2000 1887–2000 1931–1960 
 1971–2000 1887–2000 1971–2000 
Auburn_5ESE (1893–2003) 1931–2000 1893–2000 1931–1960 
 1971–2000 1893–2000 1971–2000 
Alliance_1WNW (1894–2003) 1931–2000 1894–2000 1931–1960 
 1971–2000 1894–2000 1971–2000 
Purdum (1903–2003) 1931–2000 1903–2000 1931–1960 
 1971–2000 1903–2000 1971–2000 
Miller (1906–2003) 1931–2000 1906–2000 1931–1960 
 1971–2000 1906–2000 1971–2000 
McCook (1909–2003) 1931–2000 1909–2000 1931–1960 
 1971–2000 1909–2000 1971–2000 
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Neligh (1918–2003) 1931–2000 1918–2000 1931–1960 
 1971–2000 1918–2000 1971–2000 
Agate_3E (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Anselmo_2SE (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Lincoln_Airport (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Merriman (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Naponee (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Nelson (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Newcastle (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
Ogallala (1948–2003) 1931–2000 N/A N/A 
 1971–2000 1948–2000 1971–2000 
N/A denotes the data in this period are not available. 
The period in parentheses beside each station’s name is the record period for that station. 
 
The daily precipitation data used in this study were obtained from the High Plains Re-
gional Climate Center (HPRCC, 2004). The C++ code, developed by the Department of 
Computer Science and Engineering at the University of Nebraska–Lincoln, was used to 
calculate SPI values for this study (NADSS, 2004). The six time scales of SPI values studied 
were 12, 24, 36, 52, 104, and 156 weeks. When computing SPI values at long time scales, 
like 104 and 156 weeks, one needs to be aware that the effective sample sizes of 104 and 
156 weeks are respectively one-half and one-third that of 52-week samples (Guttman, 
1999). As a result, the confidence in the SPI values for the longer time scales decreases. This 
study included such long time scales because calculating 2- or 3-year SPI values is a com-
mon practice (e.g., NCDC provides 1- to 24-month SPI maps, CCC provides 1- to 48-month 
SPI maps, and WRCC provides 1- to 72-month SPI maps). Differences between the SPI 
values computed from different lengths of record were examined in four ways. 
First, SPI values for the six time scales were calculated for two 30-year time periods 
(1931–60 and 1971–2000) using the stations’ lengths of record indicated in table I. Eight 
stations began recording precipitation data before 1931, with the remainder beginning data 
collection in 1948. Thus, the SPI values based on the long length of record for the period 
1931–60 could only be calculated for these eight stations, whereas the SPI values for the 
period 1971–2000 were calculated for all 16 stations. Furthermore, the SPI values based on 
the short length of record for the same two periods were calculated using the precipitation 
records of the 30-year period 1931–60 for the same eight stations and for 1971–2000 for all 
16 stations. The SPI values derived using the long length of record were paired with the 
values derived using the short length of record to conduct comparisons. 
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Table I also summarizes the different lengths of record used to calculate SPI values for 
each station. For example, the SPI values for the periods 1931–60 and 1971–2000 for the 
Alliance 1WNW station were calculated using the records for 1894–2000, 1931–60, and 
1971–2000. Then the SPI values computed from the two shorter lengths of record were 
correspondingly pairwise compared with those computed based on the 1894–2000 data for 
each of the six time scales mentioned above. 
The linear correlation coefficient r, which measures the strength of the linear relation-
ship between the paired SPI values derived from different lengths of record, was computed 
for the six time scales for each station. Ranks of SPI values during a certain time period are 
an important indicator of the intensity of drought/wet events. A rank was assigned to each 
individual SPI value according to its order in the ranked list. Then Spearman’s rank corre-
lation coefficients rs (Triola, 1998) between the paired SPI values were computed, which 
uses ranks as the basis for measuring the strength of the association between two SPI val-
ues. 
The linear correlation coefficient has been widely used to describe a consistent propor-
tional increase or decrease between two variables. However, it is unable to distinguish the 
type or magnitudes of possible covariations. The index of agreement (D index) is sensitive 
to differences between two variables and reflects the degree to which one variables is ac-
curately estimated by another (Willmott, 1981). Thus, the D index between the paired SPI 
values was also computed. 
Second, event intensities were categorized. Drought/wet intensity can be defined as “ex-
tremely dry, severely dry, . . ., very wet or extremely wet” to indicate the severity of a 
drought/wet event clearly. Drought/wet event intensities resulting from the SPI values 
during 1931–60 and 1971–2000 were categorized according to this classification system (ta-
ble II); then the consistency between the event intensities derived from the long and short 
lengths of record were checked for each station for the six time scales. 
 
Table II. The SPI classification system 
(McKee et al., 1993) 
SPI values Category 
2.0 and above Extremely wet 
1.5 to 1.99 Very wet 
1.0 to 1.49 Moderately wet 
−0.99 to 0.99 Near normal 
−1.0 to −1.49 Moderately dry 
−1.5 to −1.99 Severely dry 
−2.0 and less Extremely dry 
 
Third, the SPI values derived from different lengths of record were also compared in 
individual severe drought and flood years for the recorded history of Nebraska. The 
drought of the 1930s was the longest dry period for Nebraska in recent history (Lawson et 
al., 1971), often referred to as the Dust Bowl. The drought year of 1974 was the most severe 
of the mid-1970s for Nebraska, resulting in more than US$10 million in losses in eight 
counties (Wilhite, 1983). From May to September of 1993, record flooding occurred across 
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the Midwest region of the USA, including Nebraska. Fifty people died due to the flooding, 
and damages approached US$15 billion (Larson, 1996). The 2002 drought caused a loss of 
US$1.2 billion in agriculture in Nebraska (IANR, 2003). In this case, the individual years in 
which SPI values derived from different lengths of record were compared were 1936–39, 
1974–77, 1992–94, and 2001–03. Since 2001–03 was involved in the study, the previous pe-
riod 1971–2000 was extended to 1971–2003 to conduct the analyses by recalculating the 
shape and scale parameters using the three additional years of data. 
Last, the SPI values derived from the different lengths of record were compared tempo-
rally and spatially. Comparing drought intensity temporally is often conducted in order to 
put the current status of drought into a historical perspective for practical reasons. For 
instance, policy makers or farmers are interested in the development of a drought’s inten-
sity over a certain period of time. The development and intensity of the 2002 drought was 
examined using the SPI values derived from different lengths of record. In addition, it is 
also a common practice to compare SPI values from different locations in a region to un-
derstand dry/wet intensity distributions. This study compared two stations’ SPI values de-
rived from different record lengths to illustrate that the length of record used to calculate 
the SPI values would alter the conclusion. 
 
4. Results and Discussion 
 
4.1. Comparisons of correlation coefficients and D index 
Overall, the values of the linear correlation coefficients r, rank correlation coefficient rs and 
index of agreement D between the paired SPI values for all stations indicated that the SPI 
values derived from the long lengths of record are highly correlated with those from the 
short lengths for all six time scales within the two periods 1931–60 and 1971–2000 because 
the values were greater than or close to 0.9 in the majority of the cases. In most cases, the 
values of correlation coefficients r and rank correlation coefficients rs at longer time scales 
are higher than those at shorter time scales. 
Unlike r and rs, the D index did not increase with the time scales of SPI values. In some 
cases, the D index even decreased with longer time scales. Generally, the D index was 
greater than r at the shorter time scales and smaller than r at the longer time scales. It was 
found that the D index indicates the consistency between the paired SPI values better be-
cause the numerical difference among the SPI values increases for longer time scales. This 
will be discussed later. Table III lists the values of the r, rs, and D index between the SPI 
values derived from the periods 1887–2000, 1931–60, and 1971–2000 for the Minden station. 
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Table III. Summary of linear correlation coefficients r, rank correlation coefficients rs and index 
of agreement D between the SPI derived for 1887–2000, and those for 1931–60 and 1971–2000 for 
Minden, Nebraska 
  12-week 
SPI 
24-week 
SPI 
36-week 
SPI 
52-week 
SPI 
104-week 
SPI 
156-week 
SPI 
SPI for period 1931–60 r 0.985 0.990 0.996 0.999 1.000 1.000 
 rs 0.989 0.991 0.996 1.000 1.000 0.999 
 D 0.986 0.984 0.984 0.978 0.958 0.942 
SPI for period 1971–2000 r 0.988 0.992 0.993 0.999 0.998 0.999 
 rs 0.990 0.993 0.996 0.999 0.999 0.999 
 D 0.993 0.993 0.992 0.991 0.982 0.972 
 
4.2. Comparisons of consistency of event category 
Although r, rs, and the D index all indicate that the SPI values derived from different 
lengths are highly correlated, it was felt that it would be interesting to check the con-
sistency of the drought/wet event category resulting from different data-length-derived 
SPI values. The consistency was determined as follows. If an event category derived from 
the long lengths of record was consistent with that from the short lengths, it was called a 
“match.” Otherwise, it was called a “no-match.” Then a no-match percentage was obtained 
by dividing the numbers of no-match by the total numbers of match and no-match. Fur-
thermore, in order to show the degree of the “no-match,” the number of times the match 
is off by more than one category was counted. This occurs, for example, when an SPI value 
derived from the long length of record is classified into the near-normal category and the 
corresponding SPI value derived from the short length is classified into a severely dry or 
extremely dry category. 
Generally, the no-match percentages for 12- and 24-week SPIs were close among all sta-
tions, ranging from 10 to 20%. As the time scales get longer, the discrepancies for some 
stations become significant. For the 156-week SPI, the no-match percentages ranged from 
10 to 60%. It was also noted that 97.7% of the no-match cases are off by only one category. 
In addition, it was found that the degree of the no-match percentage is not related to the 
difference of the record lengths used to derive the SPI values. For instance, the no-match 
percentages for the Alliance station are lower than those for the Anselmo station, even 
though the length of record for Alliance is longer (table IV). The number of times the match 
is off by more than one category for Anselmo is much higher than the number for Alliance, 
especially at the longer time scales. It was also noticed that the no-match percentages for 
Alliance 1931–60 are higher than for 1971–2000 according to table IV. Figure 2 shows two 
clustered bar graphs comparing the consistency of the dry/wet category resulting from SPI 
values computed using different lengths of record for Neligh and Auburn, Nebraska. The 
SPI values for Neligh were derived for 1918–2000 and 1971–2000. The SPI values for Au-
burn were derived for 1893–2000 and 1971–2000. As shown, although the percentages for 
no-match are the same for the 12-week SPI for the two stations, the percentages for Neligh 
increase dramatically from 16 to 62% as the SPI time scales become longer, and so does the 
number of times the match is off by more than one category. On the other hand, the per-
centages for Auburn decrease from 16% to 10% as the time scales become longer. 
W U  E T  A L . ,  I N T E R N A T I O N A L  J O U R N A L  O F  C L I M A T O L O G Y  2 5  (2 0 0 5 )  
10 
Table IV. No-match percentages of drought/wet event category for Alliance (derived 1894–2000 
and 1931–60, 1971–2000), and for Anselmo (derived for 1948–2000 and 1971–2000) 
Station 12-week 
SPI (%) 
24-week 
SPI (%) 
36-week 
SPI (%) 
52-week 
SPI (%) 
104-week 
SPI (%) 
156-week 
SPI (%) 
Alliance (1931–60) 16.8 (2) 17.9 (0) 20.1 (0) 12.6 (0) 17.0 (0) 23.5 (0) 
Alliance (1971–2000) 15.2 (1) 10.8 (1) 13.9 (0) 12.1 (0) 6.6 (0) 14.9 (0) 
Anselmo (1971–2000) 19.2 (7) 22.0 (6) 21.1 (22) 24.6 (26) 26.3 (55) 24.5 (54) 
The period in the parentheses beside each station’s name is the period of SPI values compared. 
The numbers in parentheses next to the no-match percentages are the numbers of times the match is off by 
more than one category. 
 
 
Figure 2. Clustered bar chart showing the consistency of drought category resulting from 
the SPI values derived for 1918–2000 and 1971–2000 for Neligh (left) and for 1893–2000 
and 1971–2000 for Auburn (right). Light gray bars denote the number of matches. Dark 
gray bars denote the number of no-matches. The numbers appearing above the “no-
match” bars denote the numbers of times the match is off by more than one category. The 
percentages of the “no-match” are shown in parentheses. 
 
4.3. Comparisons of SPI values in individual years 
In individual severe drought/flood years, the SPI values derived from different lengths of 
record match well for some stations, whereas the SPI values at long time scales differ con-
siderably for other stations, especially in intense drought years. Figure 3 shows the com-
parisons of SPI values computed with data for 1936–38, 1992–94 and 2001–03 for Miller 
using different lengths of record. SPI values derived from different lengths of record are 
compared at short (24 weeks) and long (52 weeks) time scales. As shown, the SPI values 
match up very well with each other for these individual years going from shorter to longer 
time scales in both dry and wet years. In addition, figure 4 shows the comparisons of SPI 
values for McCook for the same years at the same two time scales. As can be seen, the 52-
week SPI values for 1936–38 and 1992–94 are different, but the differences are not consid-
erable (the differences range from 0.7 to 0). However, the 52-week SPI value discrepancies 
become significant when drought intensifies during 2001–03. The SPI values derived for 
1971–2003 reach to about −2.7, whereas the corresponding SPI values derived for 1909–
2003 are only about −1.5. In this case, different lengths of record used to compute SPI could 
result in different evaluations of the severity of severe droughts. 
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Figure 3. The SPI values in 1936–38, 1992–94, and 2001–03 derived for the 1906–2000 (or 
2003), 1931–60, and 1971–2003 records for Miller, Nebraska. The solid line denotes SPI 
values derived from the short length of record. The dotted line denotes SPI values derived 
from the long length of record. 
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Figure 4. The SPI values in 1936–38, 1992–94, and 2001–03 derived for the 1909–2000 (or 
2003), 1931–60, and 1971–2003 records for McCook, Nebraska. The solid line denotes SPI 
values derived from the short length of record. The dotted line denotes SPI values derived 
from the long length of record. 
 
4.4. Spatial and temporal comparisons of SPI values 
Figure 5(a) shows the 24-week SPI development during 2002 derived using data for 1971–
2003 and for 1894–2003 for Alliance, Nebraska. As seen, the spikes of the SPI values for 
1971–2003 indicate that the intensities during 17th, 26th, 33rd, and 42nd weeks of 2002 
were about the same (between −3 and −3.5), meaning that the intensity of the 2002 drought 
was steady. However, the SPI values derived for 1894–2003 show that the intensity of 
drought decreases from −4 to −2.5 over the same period. 
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Figure 5(b) compares the 52-week SPI values between McCook and Ogallala, Nebraska, 
during the 7th to 20th weeks of 2002. Water availability during this period is critical for 
crop planting and growing. If the SPI values derived for 1971–2003 are used, then the 2002 
drought intensity for McCook was stronger than that of Ogallala after the 12th week of the 
year. If the available precipitation records of these two stations are used, however, then 
the comparison of the SPI values derived for 1948–2003 (for Ogallala) and 1909–2003 (for 
McCook) show that the drought intensities of the two stations were about the same after 
the 12th week. 
 
 
 
Figure 5. (a) Illustration of development of the 2002 drought in 2002 for Alliance, Ne-
braska. The solid line denotes 24-week SPI values derived for 1971–2003. The dotted line 
denotes 24-week SPI values derived for 1894–2003. (b) Comparison of 52-week SPI values 
for McCook and Ogallala, Nebraska. The thin dotted line denotes SPI values derived for 
1909–2003 for McCook. The heavy dotted line denotes SPI values for 1971–2003 for 
McCook. The thin solid line denotes SPI values for 1948–2003 for Ogallala. The heavy 
solid line denotes SPI values for 1971–2003 for Ogallala. 
 
These two examples show how different conclusions can be obtained if the lengths of 
record used in the SPI calculation are different. The SPI user should be aware of this fact 
when doing research or making decisions. 
 
4.5. Reasons for the SPI value discrepancy 
The results illustrated above show that SPI values calculated using different lengths of 
record are similar for some stations but are significantly different at other stations, espe-
cially for long-time-scale SPI values in severe drought years. To find the reasons the SPI 
values were discrepant at some of the stations, the following efforts were made. 
First, the precipitation record was graphed against time to reveal any variability existing 
in the record. Figure 6 illustrates the 1-, 2-, and 3-year precipitation totals for Miller and 
McCook. This figure indicates that both stations’ time series show considerable interannual 
variability, as expected. The major difference between the two stations is that McCook has 
an increasing trend in precipitation amount whereas the Miller series does not suggest any 
change in central tendency over time. 
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Figure 6. Miller and McCook, Nebraska, precipitation record based on 1-, 2-, and 3-year 
totals. The dashed lines are the long-term trend lines. 
 
Next, the SPI calculation equations were investigated. The α and β were computed using 
the long and short lengths of record for the 16 stations, for the six time scales, and for each 
week of the year. After inspecting the parameters for multiple time scales over the long 
and short lengths of record, it is found that if the α and β derived from the long and short 
lengths of record are similar, that is the distributions of precipitation over the different 
periods are similar, then the SPI values will be consistent. On the other hand, if the differ-
ences in the parameters are significant, then the SPI values will be considerably different. 
Figure 7 suggests that the α and β values derived from three different lengths of record of 
the 52-week SPI for each week of a year for McCook are considerably different, yet they 
are nearly the same for Miller. To illustrate the effects of the α and β values on the SPI 
values schematically, figure 8 shows the gamma probability density functions (PDFs) at 
the time scale of 52 weeks derived from three lengths of record (1906–2000, 1971–2000, and 
1931–60) on the 12th week of a year for Miller, in which the SPI values derived from dif-
ferent lengths of record matched very well (fig. 3). As can be seen, the PDF curves derived 
from the different lengths of record are close to each other because the parameters α and β 
are similar. In contrast, figure 9 shows the PDF at the 52-week time scale derived for 1909–
2000, 1971–2000, and 1931–60 for McCook, in which the SPI values differed considerably 
at long time scales during severe drought years from 2001 to 2003 (fig. 4). The parameters 
W U  E T  A L . ,  I N T E R N A T I O N A L  J O U R N A L  O F  C L I M A T O L O G Y  2 5  (2 0 0 5 )  
15 
derived for 1909–2000 and 1931–60 are similar, whereas the parameters are significantly 
different between 1909–2000 and 1971–2000. Furthermore, the gamma cumulative proba-
bility distribution functions (CDFs) were obtained based on the PDFs shown in figure 10 
for McCook. Obviously, the CDFs illustrated in figure 10 indicate that the CDF derived for 
1971–2000 is different from the other two CDFs derived for 1909–2000 and 1931–60, espe-
cially on the left-hand side (or when precipitation is less than a certain amount). Conse-
quently, the SPI values will be different when the equiprobability transformation is made 
from CDFs to the standard normal distribution when precipitation is less than a certain 
amount. 
 
 
 
Figure 7. The values of α and β derived for 1906–2000, 1931–60, and 1971–2000 for each 
week of a year for McCook and Miller, Nebraska. 
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Figure 8. Two-parameter gamma PDF curves for 52-week SPI for Miller, Nebraska. The 
heavy solid line denotes the PDF derived from the 1971–2000 records with α = 17.39, β = 
1.23. The dotted line denotes the PDF derived from the 1906–2000 records with α = 17.31, 
β = 1.24. The thin solid line denotes the PDF derived from the 1931–60 records with α = 
16.35, β = 1.28. 
 
 
 
Figure 9. Two-parameter gamma PDF curves for 52-week SPI McCook, Nebraska. The 
heavy solid line denotes the PDF derived from the 1971–2000 records with α = 29.5, β = 
0.72. The dotted line denotes the PDF derived from the 1909–2000 records with α = 15.87, 
β = 1.25. The thin solid line denotes the PDF derived from the 1931–60 records with α = 
12.5, β = 1.58. 
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Figure 10. Equiprobability transformation from fitted gamma CDF to the standard normal 
distribution for 52-week SPI for McCook, Nebraska. 
 
Based on figure 10, we can explain three facts observed in figure 4, which compares the 
SPI values derived from different lengths of record in those individual years for McCook. 
First, the long-time-scale SPI values for McCook in drought years from 1936 to 1938 are 
slightly different. This is because the CDFs derived for 1909–2000 and 1931–60 are similar. 
Second, the long-time-scale SPI values are slightly different during the wet period in 1992–
94. This is because CDFs derived for 1909–2000 and 1971–2000 converge when precipita-
tion is greater than a certain amount. Third, the long-time-scale SPI values in severe 
drought years from 2001 to 2003 are significantly different. This is because the CDFs de-
rived for 1909–2000 and 1971–2000 diverge when precipitation is less than a certain 
amount. 
As noted, the discrepancy between SPI values derived by the different lengths of record 
becomes larger when the time scale of SPI gets longer and drought intensifies. There are 
three reasons that lead to the large discrepancy. One is that the effective sample size is 
decreased when a long time scale is used. Furthermore, the effective sample size gets worse 
when drought intensifies because the SPI values are located on the left tail of a distribution. 
 
5. Conclusions 
 
The effect of the length of record used on SPI calculations was illustrated by comparing 
SPI values computed from different record lengths, and the reason for SPI value discrep-
ancy was explored by investigating gamma distributions derived using different record 
lengths. The study shows that the SPI values derived from the different lengths of record 
are highly correlated for some stations. For other stations, however, SPI values derived 
from different lengths of record differ considerably as time scales get longer and drought 
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intensifies. In this case, inconsistent conclusions will be obtained when the SPI values are 
compared spatially and temporally. 
The study indicates that the change in the underlying precipitation distribution (α and 
β) from one time period to another affects the SPI values. It is concluded that the differences 
between the SPI values that are computed using different lengths of record are not consid-
erable if the parameters over the time are close. If the precipitation pattern changes, then 
the SPI values derived from different lengths of record will be significantly different when 
droughts intensify and long time scales are used. 
One needs to be aware that the conclusions are “universal.” Although they are based 
on a Nebraska case study, they definitely can be extended to other regions. 
Thus, we would like to make a few suggestions to the SPI user: 
1. The SPI user should be aware that inconsistent conclusions could be obtained if 
different time lengths of precipitation record are involved in the SPI calculation. 
2. The longer the length of record used in the SPI calculation, the more reliable the 
SPI values will be, especially for long-time-scale SPI values. Therefore, sound de-
cisions probably need the longer length of record because the shorter one is likely 
not to capture the “signals” of climate variability. 
3. It is appropriate to examine SPI values derived from a short length of record to 
monitor current conditions in the light of recent “climate.” Under this circum-
stance, one should be aware that the reduced effective sample size leads to insta-
bility of the parameter estimates. If the parameter estimates have little confidence, 
then the resulting SPI values will also have little confidence. 
 
Based on this study, we feel that there is a need to develop an SPI user’s guide, which 
would help a person use the SPI more appropriately and accurately. The staff members of 
the NDMC are currently working on the user’s guide, which may become available in late 
2005 on the NDMC website (http://drought.unl.edu). 
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